ABSTRACT: Angus × Hereford heifers (15 mo and artificially inseminated to a single sire) were used to evaluate the effect of prenatal nutritional restriction on postnatal growth and development. At d 32 of gestation, dams were stratified by BW and BCS and allotted to a low-nutrition [55% of NRC (1996) requirements, n = 10] or moderate-nutrition [100% of NRC (1996) requirements, n = 10] diet. After 83 d of feeding, dams were commingled and received a diet in excess of requirements. Dams were allowed to calve naturally, and birth weights and growth of calves were recorded. Bulls were castrated at birth. Steers (16 mo of age, 5 per treatment) received a high-concentrate diet ad libitum to a constant age (88 ± 1 wk). Steers were slaughtered and weights of the empty body and organs were recorded. Samples of organs, muscle (complexus), and perirenal and subcutaneous adipose tissue were stored at −80°C, and then DNA and protein concentrations were quantified and expression of genes associated with fatty acid metabolism and glucose uptake were measured in adipose and muscle tissue. Dams had similar (P > 0.33) BW and BCS at the beginning of the experiment. At the end of restriction, dams on the low-nutrition diet weighed less (P ≤ 0.01) and had less BCS (P < 0.001) than those on the moderate-nutrition diet. Length of gestation was 274 ± 2 d for dams in the low-nutrition treatment and 278 ± 2 d (P = 0.05) for dams in the moderate-nutrition treatment. Nutrient restriction during gestation did not influence birth weight or postnatal growth of calves. Lungs and trachea of steers whose dams were fed the low-nutrition diet weighed less (P = 0.05) at slaughter than those of steers whose dams were fed the moderate-nutrition diet; weights of other organs were not influenced by treatment. Complexus muscle from steers whose dams were fed the low-nutrition diet had a greater (P = 0.04) concentration of DNA and larger muscle fiber area compared with steers whose dams were fed the moderate-nutrition diet. Abundance of mRNA for fatty acid binding protein 4, fatty acid translocase, and glucose transporter 4 was less in perirenal adipose tissue of steers whose dams were fed the low-nutrition diet compared with those whose dams were fed the moderate-nutrition diet. Nutritional restriction of dams during early gestation did not alter postnatal calf growth. However, concentrations of DNA in muscle tissue and muscle fiber area were greater in steers from dams exposed to restricted nutrient intake during early gestation.
INTRODUCTION
Inadequate nutrition of beef cows during gestation can be caused by environmental conditions or seasonal decline in forage quality and quantity. Restricted nutrient intake during early pregnancy decreased fetal weight in young cows at 125 d of gestation (Long et al., 2009) . Nutrient restriction of heifers during the first two-thirds of gestation reduced fetal growth and calf birth weight (Micke et al., 2010) . Inadequate nutrient intake during late gestation increased bovine placenta weight (Rasby et al., 1990) . Early prenatal nutritional restriction of ewes resulted in a reduction in the number of myofibers but an increased diameter of muscle fibers of lambs at 8 mo of age (Zhu et al., 2006) . Exposure of ewes to limited nutrition during early gestation increased growth rate postnatally, decreased skeletal muscle mass, and altered glucose metabolism of offspring (Ford et al., 2007) . Nutrient restriction in ewes from d 110 to 147 of gestation altered glucose tolerance of postnatal lambs and decreased glucose transporter 4 (GLUT 4) in adipose tissue (Gardner et al., 2005) . Effects of prenatal nutrition on genes controlling fatty acid transport in bovine adipose tissue have not been evaluated. Fatty acid binding protein 4 (AP2) binds to and activates hormone-sensitive lipase (JenkinsKruchten et al., 2003) and has been associated with the movement of NEFA into adipocytes (Baar et al., 2005) . Fatty acid translocase (CD36) facilitates fatty acid transport into adipocytes (Bonen et al., 2007) , and C/EBPα is a marker of adipocyte differentiation (Morrison and Farmer, 2000) . We hypothesized that restriction of nutrients during early gestation would reduce postnatal growth of muscle and fat. The objective of this experiment was to determine the effect of nutrient restriction of the dam during early gestation on postnatal growth, abundance of mRNA of genes associated with adipogenesis, and concentrations of DNA and protein in tissues of offspring.
MATERIALS AND METHODS
The Institutional Animal Care and Use Committee of Oklahoma State University approved all animal-related procedures used in this study.
Animals and Experimental Design
Angus × Hereford heifers (15 mo of age) were synchronized by 2 treatments with PGF 2α (Lutalyse, 25 mg intramuscularly, Pfizer and Upjohn Co., New York, NY) administered 11 d apart. Heifers were observed at 0700 and 1900 h for estrus and were inseminated with semen from an Angus sire 12 h after the first observed estrus. At 32.0 ± 0.5 d after AI, pregnancy was diagnosed by transrectal ultrasonography (Aloka 500-V with a 7.5-MHz probe, Corometrics Medical Systems, Wallingford, CT), and dams were stratified by BW and BCS and allotted to either a low-nutrition (n = 10) or a moderate-nutrition (n = 10) diet. Cows were fed diets to meet either 55 or 100% of requirements based on the NRC (1996) Table Generator software of the Level 1 model for 545 kg mature BW, 36 kg birth weight, and 15 mo of age. The low-nutrition diet, composed of prairie hay (approximately 3.2 kg/d; 5% CP, 57% TDN; DM basis) and 38% CP supplement (0.45 kg/d), was offered to the group of dams in a dry lot, and provided an estimated 55% of NRC (1996) requirements for NE m and 50% for CP. Dams on the moderate-nutrition diet had ad libitum native grass pasture [Bothriochloa caucasica and Sorghastrum nutans (L.) Nash; 10% CP], and growth indicated that the diet supplied greater than 100% of NRC (1996) requirements. After 83 d of treatment, dams were commingled on native grass pasture and supplemented with protein (38% CP) and grass hay to exceed NRC (1996) requirements. Body weight and BCS of dams were collected at 32 ± 1, 67 ± 7, 115 ± 1, and 264 ± 7 d of gestation. Body weights of dams and calves were recorded after 15 h without feed and water.
Dams calved during a 31-d period beginning on January 31. Testes of bull calves were banded at birth, calves and dams were maintained as a group, and calves were weaned at 228 ± 7 d of age. All calves of dams fed the low-nutrition and moderate-nutrition diets (5 male and 5 female per treatment) were maintained as a group on dormant native range pasture for 195 d after weaning, and received 2.27 kg/d of a 20% CP supplement (12% cottonseed meal and 88% wheat middlings). Body weight was recorded for all calves at birth, at weaning, and at 425 ± 7 d of age. Data were collected for heifers until 425 d of age. At approximately 16 mo of age, steers (low nutrition, n = 5; moderate nutrition, n = 5; 341 ± 5 kg) were transported 15 km and placed in 2 adjacent 12 × 30 m open pens for 135 d, with at least 2 steers from each treatment in each pen. Steers were adapted to a finishing diet over a 28-d period and were implanted on arrival and 58 d later with Revalor-S (120 mg of trenbolone acetate and 24 mg of estradiol, Intervet, Millsboro, DE) . Composition and nutrient analysis of the feedlot ration are given in Table 1 . The ration was offered ad libitum to the steers in excess of NRC (1996) requirements. Body weight was recorded at entry into the feedlot and before slaughter. Steers were slaughtered at 88 ± 1 wk of age and 1.0 ± 0.3 cm of backfat.
Slaughter and Sample Collection
Steers were slaughtered in 3 groups within a 5-d period. On d 1 and 3, two steers exposed to the lownutrition treatment and 2 steers exposed to the moderate-nutrition treatment were slaughtered, and on d 5, 1 steer exposed to the low-nutrition treatment and 1 steer exposed to the moderate-nutrition treatment were slaughtered. Steers were transported 4 km to the abattoir 12 h before slaughter. All steers were stunned with a captive bolt and exsanguinated, and viscera were removed. Weights of blood, feet and ears, hide, head, hot carcass, lungs and trachea, heart, esophagus, kidney, liver, pancreas, and spleen were recorded. The reticulorumen, omasum, and abomasums were separated, rinsed with warm water, and drained, and weights were recorded. Small intestine and large intestine were separated from the mesentery and from each other. Contents of the small and large intestines were removed and the small intestine was looped without tension across 2 stationary boards, with pegs 1 m apart, to measure small intestine length, and weight was recorded. The large intestine and mesentery weights were recorded. Empty BW was a sum of carcass and noncarcass tissue weights.
Samples were taken from heart (left ventricle), kidney, liver, pancreas, muscle (complexus), perirenal adipose, and subcutaneous adipose tissue. Tissue samples were taken from the right lobe of the liver and random locations of the pancreas. Samples of subcutaneous adipose tissue were collected from over the pectoralis muscle and perirenal adipose tissue from around the pelvis. Muscle samples were obtained from the complexus muscle on the interior of the neck, on the right side of the carcass. All tissue samples for mRNA analyses were collected within 20 min of exsanguination, and all other samples were collected within 1 h after stunning, except for 1 kidney, which was collected at 2 h after stunning. Samples were frozen in liquid N and stored at −80°C until analyzed for DNA, DM, lipid, protein, and gene expression. Additional 1.0 × 1.0 cm samples of complexus muscle were fixed in 4% paraformaldehyde in phosphate buffer for 24 h and stored in 70% EtOH at room temperature until histological analysis.
Trained Oklahoma State University personnel recorded carcass data after slaughter and chilling of carcasses. Carcass data collected were yield grade, marbling, LM area, fat thickness, and KPH percentage.
Histology
Tissue was removed from 70% ethanol and embedded in paraffin. Two cross-sections (10 µm) of muscle were taken 5 sections apart and placed on slides. Sections were stained with hematoxylin and eosin and evaluated with a microscope (BX 51, Olympus, Center Valley, PA). Images were recorded at 40× magnification using a BP 71 digital camera (Olympus). Fields were chosen so that the field was composed mostly of regularly shaped muscle fibers. Muscle fiber area was determined in 10 fields per animal using Image J software (National Institutes of Health, Bethesda, MD). Muscle fiber area was averaged across the 10 fields for an average muscle fiber area per animal.
Chemical Analyses, DNA Quantification, and mRNA Abundance Tissue DM and percentage lipid (ether extract) were determined on duplicate 0.5-g samples of tissue by AOAC (1990) Labarca and Paigen, 1980) . Five milliliters of ice-cold TNE buffer (100 mM Tris, pH 7.4, 150 mM NaCl, and 0.2 mM EDTA) was added to duplicate 0.5-g aliquots of tissue, which were samples homogenized on ice (PRO 200, Pro Scientific, Monroe, CT) . Homogenates were diluted with TNE buffer at 4°C. One hundred microliters of diluted homogenate was added to an amber-colored 1.5-mL microcentrifuge tube (Axygen Scientific, Union City, CA) and 100 µL of a 0.2-µg/mL solution of Hoechst Dye 33258 (dissolved in TNE buffer) was added to each tube, which was then vortexed for 5 s and incubated for 45 min at room temperature. Diluted homogenate-Hoechst 33258 mixture was placed on the pedestal of the Nanodrop 3300 instrument and a relative frequency unit was measured. Calf thymic DNA (Rockland Immunochemicals, Gilbertsville, PA) was used for standard curves (0, 100, 200, 300, 400, 500, and 700 µg/µL).
Subcutaneous and perirenal adipose tissue (1 g) and muscle (0.5 g) were homogenized on ice in TRIzol (Invitrogen, Carlsbad, CA), and RNA was extracted using the TRIzol procedure. Quality of RNA was determined by an ND-1000 instrument (Nanodrop Technologies) and also by denaturing agarose gel electrophoresis using 1.5% ethidium bromide-stained agarose gel. Fluorescent real-time quantitative PCR was used to determine mRNA abundance for AP2, CD36, and C/EBPα in adipose tissue and GLUT 4 in adipose tissue and muscle. Abundance was quantified using SYBR Green dye (Qiagen Inc., Valencia, CA). Primers (Table  2) were validated for optimal performance and a single real-time PCR product per gene was sequenced to ensure amplification of the desired product. Relative abundance of mRNA for the 4 genes was determined using the method of Ashworth et al. (2006), with 18S rRNA (18S Ribosonal RNA Kit, Eurogentec, Philadelphia, PA) as the gene for normalization. Relative units of target mRNA expression were calculated by setting the sample measurement cycle threshold (CT) for steers exposed to the moderate-nutrition treatment as one relative unit, and this was used as the baseline to compare RNA abundance in tissue from steers exposed to the low-nutrition treatment.
Statistical Analyses
Maternal BW changes were analyzed with the GLM procedure (SAS Inst. Inc., Cary, NC), with treatment in the model. Birth weight, weaning and postweaning growth, and gestation length were analyzed using the GLM procedure of SAS, with treatment, sex, and their interaction in the model. Weight of organs at slaughter, carcass characteristics, empty BW, and proximate values for tissues and muscle fiber area were analyzed using the MIXED procedure of SAS, with treatment in the model as a fixed effect and slaughter date and feedlot pen as random effects. Concentrations of DNA and total DNA per organ were analyzed using the MIXED procedure of SAS, with treatment as a fixed effect and laboratory assay block as a random effect. Abundance of mRNA in tissue was analyzed with the GLM procedure of SAS, with treatment in the model.
RESULTS

Dam Growth Performance
Body weight and BCS at the initiation of treatment were similar for dams in the low-and moderate-nutrition treatments (Table 3) . Body weight and BCS were greater for dams in the moderate-nutrition treatment compared with those in the low-nutrition treatment on 67 ± 7, 115 ± 1, and 264 ± 7 d of gestation. At the end of treatment, dams in the low-nutrition treatment had lost 62 ± 2 kg and those in the moderate-nutrition treatment had gained 43 ± 2 kg (P < 0.001). At the end of nutritional restriction, dams in the low-nutrition treatment had a BCS of 1.2 less than did moderatenutrition dams. Precalving BW and BCS were less (P < 0.01 and P < 0.001, respectively) for dams in the low-nutrition treatment compared with those in the moderate-nutrition treatment. Gestation length was decreased by 4 d in dams in the low-nutrition treatment (P = 0.05; Table 2 ) compared with those in the moderate-nutrition treatment.
Offspring Growth Performance and Carcass
There was not a treatment × sex effect (P > 0.30) on BW or ADG of offspring at any time evaluated. Body weights of calves at birth were not influenced by treatment (P = 0.31; Table 4 ). Steers were heavier (P = 0.05; Table 4) than heifer calves at weaning, regardless of prenatal nutrition. Average daily gain from birth to weaning tended (P = 0.08) to be greater for steers than heifer calves. Nutritional treatment did not influence weaning weight (P = 0.32) or ADG from birth to weaning (P = 0.14; Table 4 ). Sex influenced (P = 0.001) BW of calves at 425 ± 7 d of age, and calves exposed to the low-nutrition treatment tended (P = 0.08) to be heavier than calves exposed to the moderate-nutrition treatment. Body weight gain from weaning to 425 ± 7 d of age was not influenced by treatment (P = 0.33) or sex (P = 0.30). Steers of dams in the low-nutrition treatment were heavier (P = 0.04) than steers of dams in the moderate-nutrition treatment at the beginning of finishing (Table 3) , and tended to be heavier at slaughter (P = 0.07). Prenatal nutrition did not influence (P = 0.40) ADG during finishing (Table 4) .
Hot carcass weight, empty BW, weight of organs, and weight of organs expressed as grams of organ per kilogram of empty BW are shown in Table 5 . Hot carcass weight (P = 0.49) and empty BW (P = 0.18) were not influenced by prenatal nutritional treatment. Lungs and trachea from steers exposed to the low-nutrition treatment weighed less (P = 0.04, Table 5 ) when expressed as absolute weight or corrected for empty BW. Prenatal nutritional treatment did not affect (P = 0.13 to 0.99) the weight of any other organs (either absolute or on an empty BW basis; Table 5 ). Fat thickness at the 12th rib, dressing percentage, yield grade, and marbling score (Table 6) were not influenced (P ≥ 0.19) by treatment. Similarly, LM area and percentage of KPH were not different (P ≥ 0.18) for steers exposed to the low-and moderate-nutrition treatments.
DNA and Composition of Offspring Tissues
Content of DNA and composition of tissues are shown in Table 7 . Complexus muscle from steers exposed to the low-nutrition treatment had more (P = 0.02) DNA per gram of tissue than did steers exposed to the moderate-nutrition treatment. The protein:DNA ratio tended to be less (P = 0.08) in muscle of steers exposed to the low-nutrition diet compared with steers exposed to the moderate-nutrition diet, and concentrations of protein, lipid, and DM did not differ between steers exposed to the low-and moderate-nutrition treatments. Amounts of DNA, protein, and lipid, and the protein:DNA ratio in heart and kidney were not influenced (P ≥ 0.17) by treatment. Dry matter of the kidney was not influenced by treatment, but DM was less (P = 0.04) for the heart from steers exposed to the low-nutrition diet compared with steers exposed to the moderate-nutrition diet. Liver from steers exposed to the low-nutrition diet had a greater (P = 0.02) concentration of protein compared with steers exposed to the moderate-nutrition diet, but concentrations of DNA, DM, and lipid, and the protein:DNA ratio were not affected by treatment (P ≥ 0.31). Concentrations of protein and DNA, and DM in the pancreas were not influenced by prenatal nutrition (P ≥ 0.31), but the total amount of DNA in the pancreas of steers exposed to the low-nutrition treatment was greater (P = 0.05) than that of steers exposed to the moderate-nutrition , 1996) or moderate-nutrition (>100%; NRC, 1996) diet. 2 BCS were based on a scale of 1 = emaciated to 9 = obese (Wagner et al., 1988) . 3 Day of gestation. treatment. Percentage of lipid in the pancreas tended to be decreased (P = 0.08) in steers exposed to the low-nutrition treatment compared with steers exposed to the moderate-nutrition treatment. Concentrations of DNA, DM, and lipid in subcutaneous adipose tissue were not influenced (P ≥ 0.69) by treatment. There was a tendency for a greater concentration (P = 0.08) of DNA in perirenal adipose tissue of steers exposed to the low-nutrition treatment compared with steers exposed to the moderate-nutrition treatment. Percentages of DM and lipid in perirenal adipose tissue were not influenced (P ≥ 0.19) by treatment. Area of individual fibers in the complexus muscle was greater (P = 0.03) in steers exposed to the low-nutrition treatment compared with steers exposed to the moderate-nutrition treatment (Figure 1 ).
Expression of Genes Associated with Glucose and Fatty Acid Metabolism
Fatty acid binding protein 4, CD36, C/EBPα, and GLUT 4 mRNA abundance in subcutaneous adipose tissue were not (P > 0.60) influenced by treatment (Table 8) . However, abundance of mRNA for AP2 (P < 0.001), CD36 (P = 0.006), and GLUT 4 (P = 0.009) were decreased in perirenal adipose tissue of steers exposed to the low-nutrition compared with the moderate-nutrition treatment (Table 8) . Expression of Marbling score: 300 = Slight 00; 400 = Small 00.
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GLUT 4 tended to be increased (Table 8 ; P = 0.08) in muscle from steers exposed to the low-nutrition treatment compared with those exposed to the moderatenutrition treatment.
DISCUSSION
Nutritional treatment resulted in a 16% decrease in BW of dams in the low-nutrition treatment, whereas BW increased by 11% in dams in the moderate-nutrition treatment. Gestation length was reduced by 4 d by restricted prenatal nutrient intake. Birth weights of calves were not influenced by treatment. Gestation length was shorter (8 d) for cows that received a protein-deficient diet during 150 to 270 d of gestation (Waldhalm et al., 1979) . However, gestation length and calf birth weight were not influenced when heifers were fed a protein-deficient diet for the last 90 or 140 d of gestation (Carstens et al., 1987; Martin et al., 1997) . Decreased caloric intake during late gestation decreased calf birth weight for cows (Wiltbank et al., 1962 , Houghton et al., 1990 ) and beef heifers (Corah et al., 1975; Bellows and Short, 1978; Kroker and Cummins 1979; Spitzer et al., 1995) and reduced gestation length (Hafez et al., 1968; Warrington et al., 1988) . However, restriction of dietary energy before the last one-third of gestation did not influence birth weight or gestation length (Doornbos et al., 1984; Goehring et al., 1989; Houghton et al., 1990) . Postnatal growth was not influenced by restriction of prenatal nutrition. Even though ADG of steers during finishing was not influenced by treatment, steers exposed to the low-nutrition treatment were heavier at the beginning of finishing and tended to be 34 kg heavier at slaughter compared with steers exposed to the moderate-nutrition treatment. Lambs exposed to restricted nutrition (50% of requirements) from d 0 to 30 of gestation, or from d 110 of gestation to term, had similar growth rates at 1 yr of age (Gardner et al., 2005) . In contrast, wethers from ewes exposed to 50% of nutritional requirements from d 28 to 78 of gestation were heavier at 4 and 9 mo of age compared with wethers from ewes fed nutritionally adequate diets (Ford et al., 2007) . Although postnatal ADG of steers in this experiment was not influenced by prenatal nutritional treatment, the greater BW of steers exposed to the lownutrition compared with the moderate-nutrition treatment at the beginning of the finishing phase, and a tendency for a greater BW at d 425 ± 7 d of age and at slaughter, indicate that postnatal growth may be influenced by prenatal nutrition. A limited number of animals were used in this experiment, and additional research is needed to evaluate the effect of early prenatal nutrient restriction on postnatal growth of cattle.
Carcass characteristics of steers were not influenced by prenatal nutritional treatment in this study. Replication of the experiment is necessary to determine if prenatal restriction of nutrients influences carcass traits. When cows were fed adequate or restricted diets during the last 100 d of gestation, and steer and heifer progeny were evaluated at slaughter, dressing percentage, body composition, and muscle weights were not influenced by treatment (Tudor et al., 1980) . Nutritional restriction of ewes, from 60 d before mating to 7 d after mating, increased perirenal adipose tissue mass in lambs at term (Edwards et al., 2005) . Nutritional restriction from 28 to 78 d of gestation produced lambs with increased backfat at 140 d of age and increased perirenal adipose tissue and HCW at 280 d of age (Ford et al., 2007) , and nutrient restriction from d 110 of gestation to term resulted in lambs with increased omental and perirenal adipose tissue depots at 1 yr of age (Gardner et al., 2005) . The influence of prenatal nutrition on adipose tissue deposition may differ for cattle and sheep, or factors such as the amount of nutrients supplied prenatally and postnatally, duration of restriction, severity of restriction, or age of progeny may influence the response.
Lungs and trachea of steers exposed to the low-nutrition treatment weighed less than those of steers exposed to the moderate-nutrition treatment, but weights of other organs were not influenced by prenatal nutrition. Martin et al. (1997) found that the lungs and Fold difference in gene expression after normalization using 18S (least squares means ± SE). Negative values represent the fold changes that were greater in steers fed a moderate-nutrition diet (n = 5) compared with those fed a low-nutrition diet (n = 5).
trachea of calves weighed less at birth when cows were exposed to a protein-restricted diet from d 140 of gestation until term compared with when cows had received an adequate diet. Ewes that were exposed to energy and protein restriction from d 28 to 78 of gestation had fetuses with livers, lungs, and kidneys that weighed less at d 78 of gestation; however, weight of the heart, as a percentage of fetal weight, was increased compared with fetuses from dams fed to meet requirements (Vonnahme et al., 2003) . Organ weights were reduced at d 125 of gestation in fetuses from young cows exposed to reduced nutrient intake during early gestation compared with nutrient-restricted older cows or cows fed to requirements (Long et al., 2009 ). Realimentation of restricted cows after 125 d of gestation resulted in normal fetal organ weights by 245 d of gestation. Even if postnatal organ weights were similar for control animals and offspring from dams that received restricted diets in early gestation, the structure or function of organs may be altered. For instance, the number of glomeruli per gram of kidney was less in bovine fetuses at 245 d of gestation after dams were deprived of nutrients from 30 to 125 d of gestation, although the weight of kidneys was not altered (Long et al., 2009) .
Similar weights of the digestive tract and liver for steers exposed to the low-nutrition and moderate-nutrition treatments in the current experiment were probably influenced by feeding the same diet after weaning. Gastrointestinal tract mass in relation to BW is influenced by DMI or energy density of the diet (Hersom et al., 2004) . Physical form and fiber content of the diet may affect the forestomach through both physical and chemical stimulation (Sainz and Bentley, 1997) . Liver mass is dependent on nutrient load and responds with increased weight as DMI and energy density of the diet increase (Jones et al., 1985; Sainz and Bentley, 1997; Hersom et al., 2004 ). An increase in liver mass may be due to increases in liver cell size (Burrin et al., 1992; Sainz and Bentley, 1997) . Mass of the small intestine is dependent on nutrient load and physical form of the diet and increases by increasing the number of cells (Sainz and Bentley, 1997; McLeod and Baldwin, 2000) .
Concentration of DNA in tissue can be used as an index of hyperplasia (Enesco and Labland, 1962) . The protein:DNA ratio in tissue can be used as an indication of hypertrophy (Allen et al., 1979) . The DNA concentration was increased in the complexus muscle of steers exposed to the low-nutrition diet compared with that of steers exposed to the moderate-nutrition diet, indicating that nutrient restriction of the dam during early gestation results in an increased number of nuclei in skeletal muscle of offspring. However, muscle is a multinucleated tissue and concentration of DNA does not indicate the number of cells. The protein:DNA ratio tended to be reduced in steers exposed to the low-nutrition diet. This could be caused by an increased number of nuclei per muscle cell and not decreased hypertrophy, because steers exposed to the low-nutrition diet had larger muscle fibers compared with steers exposed to the moderate-nutrition diet. The finding of enlarged muscle fibers has been confirmed in other muscles in both bovine and ovine fetuses and in 8-mo-old ovine lambs when nutrient intake of dams was restricted during early gestation (Du et al., 2005 (Du et al., , 2010 . The alterations in muscle fiber size and numbers could affect the quality and tenderness of meat (Seideman and Crouse, 1986; Renand et al., 2001) ; however, this has not been established (Lefaucheur, 2010) . Cell sizes or numbers of cells in the heart, liver, and kidney were not affected by prenatal nutrition, as indicated by DNA concentrations and the protein:DNA ratio. Concentration of DNA in the pancreas was not different for steers exposed to the low-nutrition and moderate-nutrition diets; however total DNA in the pancreas was greater in steers exposed to the low-nutrition compared with the moderate-nutrition diet as a result of a greater weight of the pancreas of steers exposed to the low-nutrition diet. Concentration of DNA per gram of subcutaneous adipose tissue was not influenced by treatment; however, the concentration of DNA per gram of perirenal adipose tissue tended to be greater in steers exposed to the low-nutrition treatment compared with steers exposed to the moderate-nutrition treatment. This indicates a greater number of adipocytes in the perirenal adipose tissue of steers exposed to the low-nutrition treatment or less lipid in the adipocytes. Development of subcutaneous and perirenal adipose tissue may be influenced differently by prenatal nutrient restriction. The alterations in adipose tissue development attributable to prenatal nutritional treatment could affect carcass quality and value of the carcass.
Abundance of mRNA for genes affecting fat metabolism and glucose uptake were decreased in perirenal adipose tissue of steers exposed to the low-nutrition treatment. Fatty acid binding protein 4 binds to and activates hormone-sensitive lipase (Jenkins-Kruchten et al., 2003) and has been associated with NEFA transport and utilization of glucose by adipocytes (Baar et al., 2005) . Fatty acid translocase facilitates transport of fatty acids into adipocytes and other tissues and has a function in regulating fatty acid esterification and oxidation during insulin stimulation (Bonen et al., 2007) . The major insulin-dependent Na-linked glucose transporter in tissue is GLUT 4. Decreased mRNA abundance for both fatty acid and glucose transporters, and proteins that influence the activity of hormone-sensitive lipase, indicate a decreased ability of steers exposed to the low-nutrition diet to utilize NEFA and glucose as substrates for fatty acid synthesis. The down-regulation of nutrient transporters supports the hypothesis that less lipid in adipocytes results in increased DNA concentration in perirenal adipose tissue from steers exposed to the low-nutrition diet compared with steers exposed to the moderate-nutrition diet. The expression of GLUT 4 in adipose tissue has relevance for fatty acid production and storage. Glucose is essential for the production of glyceride glycerol, which acts as the glycerol backbone for triglyceride production in adipose tissue (Vernon, 1981) . In addition, adipose tissue GLUT 4 expression has been linked to glucose and insulin dysregulation in yearling lambs from nutrient-restricted mothers (Gardner et al., 2005) . Similar abundance of mRNA for genes affecting fat metabolism and glucose uptake in subcutaneous adipose tissue of steers from dams in the lowand moderate-nutrition treatments indicates that the effect of prenatal nutrient restriction on metabolism is different in perirenal adipose tissue and subcutaneous adipose tissue. The differential expression of genes in internal vs. subcutaneous adipose tissue has been observed in rats and humans (Yang et al., 2008; Palou et al., 2009 ). The tendency for increased abundance of mRNA for GLUT 4 in muscle of steers exposed to the low-nutrition treatment, compared with steers exposed to the moderate-nutrition treatment, indicates possible increased transport of glucose into muscle, which may be associated with the greater muscle fiber area.
This experiment determined the effect of loss in BCS and BW of dams during early gestation on gestation length, postnatal growth, organ and tissue composition, and abundance of mRNA for genes that regulate fat metabolism and glucose uptake in perirenal adipose tissue. Nutritional restriction during the first trimester of gestation may not influence birth weight or postpartum growth; however, muscle tissue is altered, as indicated by increased muscle fiber area, increased concentrations of DNA, and a tendency for a decreased protein:DNA ratio in the adult animal. The abundance of gene expression for AP2, CD36, and GLUT 4 was decreased in perirenal adipose tissue of steers exposed to the low-nutrition diet compared with the moderatenutrition diet at 22 mo of age. Changes in gene expression, and DNA concentrations in perirenal adipose tissue, indicate reduced lipid in adipocytes in perirenal adipose tissue from steers exposed to the low-nutrition treatment compared with steers exposed to the moderate-nutrition treatment. However, growth and carcass composition at slaughter were not influenced by prenatal nutrition. Additional studies are necessary to evaluate the effect of early prenatal nutrient restriction on growth and composition of cattle. Inadequate nutrient intake of cows during early gestation may not influence birth weight or postpartum growth. However, nutrient restriction during early prenatal development may cause alterations in muscle fiber development and synthesis of adipose tissue in offspring and have a negative effect on beef quality and efficiency of production.
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